To perform dynamic tumor tracking (DTT) for clinical applications safely and accurately, gimbaled head swing verification is important. We propose a quantitative gimbaled head swing verification method for daily quality assurance (QA), which uses feature point tracking and a web camera. The web camera was placed on a couch at the same position for every gimbaled head swing verification, and could move based on a determined input function (sinusoidal patterns; amplitude:
couch at the same position for every gimbaled head swing verification, and could move based on a determined input function (sinusoidal patterns; amplitude:
AE 20 mm; cycle: 3 s) in the pan and tilt directions at isocenter plane. Two continuous images were then analyzed for each feature point using the pyramidal Lucas-Kanade (LK) method, which is an optical flow estimation algorithm. We used a tapped hole as a feature point of the gimbaled head. The period and amplitude were analyzed to acquire a quantitative gimbaled head swing value for daily QA. The mean AE SD of the period were 3.00 AE 0.03 (range: 3.00-3.07) s and 3.00 AE 0.02 (range: 3.00-3.07) s in the pan and tilt directions, respectively. The mean AE SD of the relative displacement were 19.7 AE 0.08 (range: 19.6-19.8) mm and 18.9 AE 0.2 (range: 18.4-19.5) mm in the pan and tilt directions, respectively. The gimbaled head swing was reliable for DTT. We propose a quantitative gimbaled head swing verification method for daily QA using the feature point tracking method and a web camera. Our method can quantitatively assess the gimbaled head swing for daily QA from baseline values, measured at the time of acceptance and commissioning. To perform DTT safely and accurately for clinical purposes, gimbaled head swing verification is important. Here, we propose a quantitative gimbaled head swing verification method that uses feature point tracking and a web camera for daily QA.
| MATERIALS AND METHODS
The Vero4DRT TM system (MHI-TM2000; Mitsubishi Heavy Industries, Ltd., Tokyo, Japan, and BrainLAB, Feldkirchen, Germany) is described elsewhere. [6] [7] [8] Briefly, the Vero4DRT TM system is equipped with a gimbaled head for DTT, a system-specific fixed jaw, multileaf collimator (MLC), IR camera, and image-guided radiotherapy (IGRT)
system. The Vero4DRT TM system has a fixed primary collimator posi- , an open source image processing library. 12 The web camera was used to record a swing of the gimbaled head. Figure 2 shows the procedure for gimbaled head swing verification using feature point tracking. Gimbaled head swing verification was carried out as follows: The initial position of the feature point and the initial video frame were initialized for the tracking process. We used a tapped hole as a feature point of the gimbaled head. Two continuous images were then analyzed for each feature point using the pyramidal Lucas-Kanade (LK) method, which is an optical flow estimation algorithm. 13 Optical flow is the pattern of apparent motion of image objects between two consecutive frames caused by the movement of object or camera.
The optical flow methods try to calculate the motion between two image frames which are taken at times t and t + dt at every pixel position. 14 This estimation was based on two assumptions; first, the intensity of any object point is constant over time and second, nearby points on the image plane follow a similar flow. gimbaled head swing, defined as "amplitude". The difference between consecutive peak (valley) and peak (valley) temporal values of the wave was defined as "period". We performed the measurement at a gantry angle of 0°to investigate the quantitative gimbaled head swing verification in the pan and tilt directions. Five waves were analyzed for daily QA; thus, we used frame images of 15 s. In this study, gimbaled head swing verification was reported for 30 consecutive days (except for weekends and holidays).
3 | RESULTS Figure 3 shows the gimbaled head swing amplitude as a function of time using feature point tracking. The mean AE SD of the period was 3.00 AE 0.03 (range: 3.00-3.07) s and 3.00 AE 0.02 (range, 3.00- in our study. Therefore, there is a possibility of the spatial resolution limitations in feature point tracking.
The mean amplitude value for the tilt direction was slightly smaller than that of the pan direction, because the image viewed from the web camera was slightly altered by the swing of the gimbaled head. To eliminate this discrepancy, the feature point should be placed at the center of gimbaled head. However, this is difficult to achieve because the aperture is located at the center of the gimbaled head. Thus, we placed the feature point at the same point for every verification. Other features point such as bolts can be used for tracking. However, same feature point always should be used to compare the data between measured and baseline values. Unfortunately, we cannot compare deviation from baseline value at the time of acceptance and commissioning, because gimbaled head swing verification using our proposed method had not been established. However, we acquired the baseline value of our proposed method when we measured the tracking accuracy using a film, based on 4D-modeling using a surrogate signal. 5 One limitation of this study is that it only investigated shortterm gimbaled head swing verification. Further studies should examine the long-term stability of gimbaled head swing verification for daily QA. The Vero4DRT TM system is used for DTT based on an external surrogate signal. Our proposed method cannot evaluate the overall tracking accuracy based on 4D-modeling using a surrogate signal. Our proposed method has the advantage that it can be used to confirm, quite efficiently and quantitatively, the gimbaled head swing verification, even immediately before treatment.
| CONCLUSIONS
We proposed a quantitative gimbaled head swing verification method for daily QA using a feature point tracking method and web camera. From our results, the gimbaled head swing was reliable for DTT. Our method can assess the quantitative gimbaled head swing from baseline values, measured at the time of acceptance and commissioning.
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